Extended excessive alcohol use causes changes in bone tissue, thus affecting osteogenesis. The objective of this study was to evaluate if demineralized bone matrix (Gen-ox®) associated with bone morphogenetic protein (Gen-pro®) changes bone neoformation in rats submitted to experimental alcoholism. Forty male rats (Rattus norvegicus) were separated into 2 groups of 20 animals each: Group E1, which received ethyl alcohol at 25% and had the surgical cavity filled in only with blood clot; and Group E2, which received ethyl alcohol at 25% and had the surgical cavity filled in with demineralized bovine cortical bone associated with bone morphogenetic protein. The animals were submitted to a three-week period of gradual adaptation to alcohol, and then continued receiving alcohol at 25% for 90 days, when the surgical cavity was made. After the surgery, the animals continued consuming alcohol until reaching the sacrifice periods of 10, 20, 40, and 60 days, when the tibias were removed for histological processing. Results showed that surgical cavity repair and bone marrow reorganization occurred faster in Group E1 than in Group E2. At the end of the experiment, it was observed that animals in Group E2 had thick bony trabeculae surrounding the implanted material particles and a small area of connective tissue in the surface region. In conclusion, the implanted material did not accelerate bone neoformation, rather it served as a structure for osteogenesis.
INTRODUCTION
The use of bone morphogenetic proteins (BMPs) in reconstruction procedures to induce osteogenesis is an alternative for autogenous and alogenous bone grafts, thus reducing the risk of complications associated to surgeries and donor limitations. After lyophilization, BMPs are linked to a carrier, which has the purpose of preserving the surgical cavity for a longer period, as it would normally be rapidly resorbed by the organism. Therefore, one characteristic of these morphogenetic proteins is the need of a vehicle, which can be the demineralized bovine matrix (Damien et al., 1995; Tuominen et al., 2001; Ueda et al., 2001; Guimarães et al., 2004; Curi et al., 2008; Ho et al., 2010) .
The effects of alcohol are not limited to one specific tissue; rather, they have a systemic and multifactor action. In bone tissue, alcohol reduces osteoblastic activity, generating low bone mass and increasing the rates of fracture among alcoholics, and contributes to the development of osteoporosis (GarciaSanchez et al., 1995; Buchaim et al., 2002; Gong & Wezeman, 2004; Iwaniec et al., 2008) .
Furthermore, alcohol causes changes at the molecular level of the Wnt/b-catenin signaling pathway, which is essential for the repair process. When repair is affected, it may cause a breakage of the differentiation of mesenquimal stem-cells, affecting bone tissue and callus formation. Hence, restoring or protecting the Wnt/bcatenin signaling pathway can improve the prognosis for fracture healing in patients with acute or chronic exposure to alcohol (Jung et al., 2011) .
The objective of this study was to observe if demineralized bovine bone matrix (Gen-ox®) associated with bone morphogenetic protein (Genpro®) changes bone neoformation in rats submitted to experimental alcoholism, in the periods of 10, 20, 40, and 60 days, based on histologic and morphometric analysis.
MATERIAL AND METHOD
Animal Protocol and Surgical Procedure. Forty adult male Wistar rats (Rattus norvegicus), mean weight 290g, were divided into two groups of 20 rats each, as follows: Group E1, which received ethyl alcohol at 25%, and surgical cavity filled in only with blood clot; Group E2, which received ethyl alcohol at 25%, and surgical cavity filled with demineralized bovine cortical bone associated with bone morphogenetic protein (Gen-ox® e Gen-pro®; Genius, Baumer S.A., Mogi Mirim, SP, Brazil).
Both groups were first submitted to a gradual adaptation to ethyl alcohol until reaching the maximum level of 25%, which was maintained for 90 days. After this, the experimental surgery was performed. After the surgery, the animals continued receiving alcohol until they were sacrificed, according to the specific periods of each group.
The rats received general anesthesia via an intramuscular injection with Tiletamine hydrochloride (125.0 mg) associated with Zolazepam hydrochloride (125.0 mg) at the dosage of 50.0 mg/kg IM.
After shaving the area, a 20mm linear incision was made in the cranium-caudal direction of the left pelvic limb, and a cavity was made on the tibia using surgical trephine (2 mm diameter) and irrigation with sodium chloride solution at 0.9%.
All cavities in Group E1 animals were filled with blood cloth, whereas in Group E2 the cavities were filled with inorganic demineralized bovine cortical bone associated with bone morphogenetic protein (bovine bone particles-BBP) immersed in saline solution. The tissues were repositioned and sutures were made. Five rats of each group were sacrificed after 10, 20, 40, and 60 days after surgery, by an injection containing an excessive amount of the aforementioned anesthetic.
Histologic and Morphometric Analysis. The tibias were fixed at buffered formaldehyde at 10% for 24 hours, decalcified and embedded in paraffin (following routine laboratory procedures). Longitudinal six micrometerthick cuts were made, resulting in semi-serial cuts, which were stained folowing Masson's trichrome protocol.
The amount of bone tissue and connective tissue formed was obtained using a 100-point quadrilateral grid system coupled to the ocular micrometer of a light microscope, according to the principle of Delesse mentioned by Mandarim-de-Lacerda (1999) .
Statistical Analysis. The collected data were submitted to one-way ANOVA followed by Tukey's test. The data were also submitted to Student's t test to allow for group comparisons. For all analyses, P was considered statistically significant if <0.05.
RESULTS
Histological Analysis. In Group E1 (10 days), the surgical cavity is partially filled with thin bone trabeculae (Fig. 1A) . In Group E2, the implanted material takes over most of the surgical cavity, and bone tissue formation is observed in small peripheral areas (Fig. 1B) . In Group E1 (20 days) the surgical cavity was partially repaired, with incomplete formation of new cortical bone ( Fig. 2A) , whereas in Group E2 there was initial bone neoformation surrounding the implanted material (Fig. 2B) . In the 40-day period, the surgical cavity in Group E1 was repaired with the reorganization of the bone marrow (Fig. 3A) , and in Group E2 there were bone trabeculae organized around the implanted material (Fig. 3B) . In the last period, the cortical bone in Group E1 was completely repaired (Fig. 4A) , and in Group E2, in the superficial surgical area, thick trabeculae are observed around implanted material particles and the small connective tissue area (Fig. 4B) .
Histometric Analysis.
Bone tissue area: A comparison between both groups, considering the different periods, showed a statistically significant difference in the periods 10 and 60 days (Fig. 5A ).
Connective tissue area: A comparison between both groups, considering the different periods, showed a statistically significant difference in the periods 20, 40, and 60 days (Fig. 5B) . 
DISCUSSION
The association of organic bovine bone matrix with hydroxyapatite, to favor the repair of bone defects made on rat skulls, promoted a greater number of osteoblasts and neoformed bone during the 60-day repair period. This fact was noted in the present experiment, in which 60 days after the experimental surgery there was partial repair of the surgical cavity and almost complete neocortical bone, with a small presence of fibrous connective tissue and large neoformed bone trabeculae in the areas adjacent to the implanted material (Braz et al., 2003; Martins et al., 2004 ).
An experiment that used the same BMP, but without associating with bone matrix, concluded that using BMPb-HA to treat skull bone defects in rats promotes the formation of foreign body granulomatous reaction that strongly inhibits bone neoformation. This suggests that microgranular synthetic hydroxyapatite is not a good carrier for BMPs to express their inductor potential (Peel et al., 2003; Ferreira et al., 2004; Gerbi et al., 2005) .
The alcohol concentration used in this research was based on previous studies, in which experimental groups were submitted to three alcoholic diets (6%, 15%, and 25%) that showed adverse effects to bone tissue, especially in the group with the highest alcohol concentration (Buchaim et al., 2009; Broulik et al., 2010) .
In Group E1, in the 10-day period, there is greater concentration of neoformed bone in the superficial surgical area. In relation to the other analyzed periods, there was reorganization of the marrow region, and the amount of bone tissue is due to the neoformed cortical bone.
In Group E2, the amount of bone tissue in the initial periods is smaller than that of Group E1. It should be noted that every biomaterial placed in a bone defect generates an initial inflammatory response, greater than that observed in defects filled in with blood clot (Marzola et al., 1996; Buchaim et al., 2007; Marin et al., 2007) .
The larger amount of bone tissue in Group E2, in the 60-day period, occurs because of the presence of neoformed bone tissue in the broken cortical bone and in the superficial marrow region, involving graft particles, in most specimens. Hence, it is concluded that the implanted material serves as a structure for osteogenesis, but does not accelerate bone repair. 
RESUMEN:
El abuso prolongado del alcohol produce alteraciones en el tejido óseo, interfiriendo en el proceso de la osteogénesis. El estudio tiene como objetivo evaluar si la matriz ósea bovina desmineralizada (Gen-ox®) asociada a la proteína morfogenética ósea (Gen-pro®) altera la neoformación ósea en ratones sometidos a alcoholismo experimental. Fueron utilizados 40 ratones machos (Rattus norvegicus), separados en dos grupos de 20 animales cada uno: Grupo E1, que recibió alcohol etílico a 25% con cavidad quirúrgica rellenada solamente por coágulo sanguíneo, y Grupo E2, que recibió sólo alcohol etílico a 25% con cavidad quirúrgica rellenada con hueso bovino desmineralizado cortical asociado a proteína morfogenética ósea. Después de 3 semanas de adaptación gradual al alcohol, los animales continuaron recibiéndolo en concentración de 25% por 90 días, cuando fue realizada la cavidad quirúrgica. Luego de la cirugía, los animales continuaron la ingestión alcohólica hasta los períodos de sacrificio de 10, 20, 40 y 60 días, cuando las tibias fueron removidas para su procesamiento histológico. Los resultados mostraron que en el Grupo E1 hubo reparación de la cavidad quirúrgica y reorganización de la médula ósea en un menor lapso temporal que en el Grupo E2. En el período final del experimento, se observó en los animales del Grupo E2 la presencia de trabéculas óseas espesas alrededor de las partículas de material implantado y pequeña área de tejido conjuntivo en la región superficial. Se puede concluir en que el material implantado no aceleró el proceso de neoformación ósea, sirviendo como estructura de base para generar osteogénesis.
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